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OAO-B LAUNCH MOV. -. - 17 
The world's I.a.rgest space astronomy t e l e s c o p e  i s  be ing  
readied f o r  o r b i t a l  f l i g h t  t o  l e a r n  more about  t he  b i r t h  of 
stars and the f u t u r e  o f  our  galaxy.  
O r b i t i n g  Ast rono&cal  Observatory-B (OAO-B),  h e a v i e s t  
s c i e n t i f i c  s a t e l l i t e  under development by  the United States ,  
w i l l  be  launched by t h e  Na t iona l  Aeronaut ics  and Space 
Adminis t ra t ion  from Cape Kennedy, F l a . ,  no  ear l ie r  than  
Nav, 17 1.970, aboard &I Atlas/Centaur  r o c k e t .  
It w i l l  be c a l l e d  OAO-3 if s u c c e s s f u l l y  p laced  i n  t h e  
expected 466-mile c i r c u l a r '  o r b i t .  
atmosphere t h e  OAO w i l l  observe d i s t a n t  stars and g a l a x i e s  
i n  the u l t r a v i o l e t  v i a  i t s  onboard 36-inch t e l e s c o p e  w i t h  a 
de ta i l  p rev ious ly  unobtainable  i n  space astronomy. 
c r a f t  i s  scheduled t o  c i r c l e  E a r t h  every  1 0 0  minutes wh i l e  
From high above t h e  E a r t h ' s  
The space- 
i n c l i n e d  3 5 O  t o  t h e  Equator .  
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OAO-B weighs a r e c o r d  4,680 pounds and s t a n d s  10 f ee t  
t a l l .  With i t s  21-foot-wide s o l a r  p a n e l s  unfolded t h e  
s a t e l l i t e  resembles a g i a n t  b a t .  It i s  t h e  most complex 
s c i e n t i f i c  s a t e l l i t e  developed b y  t he  United States  and 
c o n t a i n s  more t h a n  328,000 par t s .  It w i l l  r e t u r n  as t ronomica l  
data from space  through NASA's worldwide t r a c k i n g  and data 
a c q u i s i t i o n  s y s t e m .  
L ike  its sis ter  obse rva to ry ,  OAO-2 which i s  s t i l l  o p e r a t i n g  
a f t e r  almost  two years,  OAO-B w i l l  s t udy  t h e  extremely young, 
ho t  s tars  b u t  much more p r e c i s e l y .  
The t e l e s c o p e  i n  OAO-B i s  named Goddard ( f o r  t h e  l a t e  D r .  
Robert  H .  Goddard, "father  of t he  modern r o c k e t " )  Experiment 
Package (GEP) . The p r i n c i p a l  i n v e s t i g a t o r  i s  Dr. A l b e r t  
Boggess from N A S A ' s  Goddard Space F l i g h t  Center ,  Greenbel t ,  Md. 
The GEP can measure u l t r a v i o l e t  l i g h t  f i v e  t imes more 
a c c u r a t e l y  than  the t e l e s c o p e  aboard  OAO-2. It can a l s o  
observe s tars  e igh t  times f a i n t e r ,  down t o  t he  12th magnitude. 
The l a r g e s t  t e l e s c o p e  on OAO-2 i s  16 i n c h e s .  
U l t r a v i o l e t  l i g h t ,  beyond t h e  b lue  p o r t i o n  of t h e  e l e c t r o -  
magnetic spectrum, n e v e r  r eaches  Earth-based o b s e r v a t o r i e s  
because of  t h e  b l a n k e t i n g  e f f e c t  o f  t h e  atmosphere.  
-more- 
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Some of  the young h o t  stars,  which emit most of t h e i r  
l i g h t  i n  the  u l t r a v i o l e t ,  are only hundreds o f  thousands of 
y e a r s  o l d ,  mere babies by as t ronomica l  s t a n d a r d s .  By com- 
p a r i s o n ,  our  Sun i s  about  f i v e  b i l l i o n  yea r s  o l d ,  o r  middle- 
aged. 
OAO-B observa t ions  of  young stars w i l l  r e f i n e  astronomers  1 
knowledge of  t h e i r  temperatures  and e v o l u t i o n  and GEP w i l l  a l s o  
s tudy  some p e c u l i a r  stars l i k e  Wolf-Rayet, T-Tauri and pu l -  
s a t i n g  v a r i a b l e  stars e 
The T-Tauri t y p e  s t a r s  are  probably still i n  t h e  p rocess  
of condensing and be ing  formed. They are q u i t e  coo l  ( K  o r  M 
c l a s s i f i c a t i o n ) .  
One of t h e  most impor tan t  s u b j e c t s  t o  b e  c l o s e l y  s t u d i e d  
b y  OAO-B i s  i n t e r s t e l l a r  dus t  which many astronomers agree may 
hq ld  the key to the  o r i g i n  and e v o l u t i o n  o f  s ta rs .  It i s  from 
i n t e r s t e l l a r  d u s t  tha t  stars are born. 
Astronomers remain undecided on the  chemical makeup of 
t he  s o l i d  material which i s  found i n  i n t e r s t e l - l a r  d u s t .  At one 
t i m e  it was thought  t o  b e  i c e  c r y s t a l s .  Later t h i n k i n g  s h i f t e d  
t o  carbon flakes or smoke. Now t h e  most r e c e n t  data on d u s t  




"I hope t o  be able t o  p i n  down what t h i s  s o l i d  matter i n  
i n t e r s t e l l a r  d u s t  is," said D r .  A l b e r t  Boggess, OAO-3 p r i n c i p a l  
i n v e s t i g a t o r .  "A greater knowledge of  i n t e r s t e l l a r  d u s t  i s  
needed because i t  i s  from t h i s  d u s t  and material f l o a t i n g  
around i n  space tha t  stars are born. I n t e r s t e l l a r  d u s t  i s  of  
cons ide rab le  s i g n i f i c a n c e ,  cosmological ly ,  i n  p r e d i c t i n g  t h e  
f u t u r e  course  of  our  galaxy," he said. 
There w i l l  be an a t t empt  t o  'study t h e  br ightes t  Quasar ,  
3C273. T h i s  Quasar  i s  13 th  magnitude i n  v i s i b l e  l i g h t .  
GEP i s  designed f o r  about 12 th  magnitude. With longe r  
observa t ion  t i m e s ,  GEP m i g h t  be able t o  go beyond 1 2 t h  
magnitude. Quasars ,  d i scovered  i n  1963, are the  most d i s t a n t  
known c e l e s t i a l  sys t ems .  
OAO has an advanced p o i n t i n g  s y s t e m  i n  the s p a c e c r a f t  
coupled w i t h  an e r r o r  s enso r  i n  the GEP t e l e scope  which pro- 
v ides  a p o i n t i n g  accuracy of one a r c  second. 
t o  a marksman's ho ld ing  h i s  r i f l e  s i g h t  f o r  many minutes on a 
b u l l s e y e  two inches  i n  diameter a t  a d i s t a n c e  of s i x  m i l e s .  
T h i s  i s  e q u i v a l e n t  
With a combination of a greater p o i n t i n g  accuracy and a 
l a r g e r  t e l e s c o p e ,  OAO-B can look a t  more d i s t a n t  stars i n  






The OAO-B s p a c e c r a f t  i s  similar t o  OAO-1 and 2 with 
some mod i f i ca t ions .  
c a p a b i l i t y  has been inc reased  so  the s t o r e d  command memory 
can handle  1,280 two-word commands ra ther  than  256 two-word 
commands. 
f o r  longer  p e r i o d s  without  i n t e r v e n t i o n  b y  ground c o n t r o l .  
For i n s t a n c e ,  t h e  command memory 
This  permits  au tomat ic  o p e r a t i o n  of  t h e  s p a c e c r a f t  
An i n e r t i a l  r e f e r e n c e  s y s t e m  u s i n g  p r e c i s i o n  gyros w i l l  
provide a d r i f t  rate of  less than  10 a r c  second-per-hour (30 
times b e t t e r  t han  OAO-2) when c o n t r o l l i n g  t h e  s p a c e c r a f t .  
F ive  gimballed s tar  t r a c k e r s  w i l l  b e  used on OAO-B, one 
less than  on OAO-2. 
The most conspicuous d i f f e r e n c e  between OAO-B and O A O s  1 
and 2 i s  the  a d d i t i o n  of a more e f f e c t i v e  t u b u l a r  Sun baff le  
t o  a l low t e l e s c o p e  ope ra t ion  i n  d a y l i g h t .  
OAO-B i s  t h e  t h i r d  i n  a series o f  f o u r  o b s e r v a t o r i e s  
p lanned  b y  NASA,  OAO-1 was launched i n  1966 b u t  fa i led  s h o r t l y  
a f te r  it was i n  o r b i t  due t o  a mal func t ion  i n  t h e  power s u p p l y  
s y s t e m  and probable  h i g h  vo l t age  a r c i n g  i n  the star t r a c k e r  
s y s t e m .  
-more - 
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OAO-2, launched Dec. 7, 1968, cont inues  t o  ope ra t e  and 
has fa r  exceeded i t s  pre-launch o b j e c t i v e s .  
\ 
Many s c i e n t i s t s  be l ieve  an  o p e r a t i o n a l  sys t em l i k e  OAO 
I could r e v o l u t i o n i z e  o b s e r v a t i o n a l  astronomy. 
h 
Unive r s i ty  of Wisconsin P ro fes so r ,  D r .  Arthur  D.  Code, 
one of t h e  OAO-2 p r i n c i p a l  i n v e s t i g a t o r s  r e c e n t l y  said, 
"NO o t h e r  observatory on t h e  ground, o r  i n  space,  t o  my 
knowledge, has c o n t r  
18 months of ope ra t ion  as OAO-2." 
h t o  astronomy i n  i t s  f irst  
OAO-C, scheduled f o r  f l i g h t  i n  la te  1971 c a r r i e s  t h e  
P r ince ton  Un ive r s i ty  32-inch a p e r t u r e  h i g h  r e s o l u t i o n  t e l e s c o p e .  
An X-ray experiment provided by Un ive r s i ty  Col lege,  London and 
the Universit ty of L e i c e s t e r  w i l l  a l s o  f l y  on OAO-C t o  s tudy  t h e  
X-ray emission o f  stars and nebulae and o b t a i n  informat ion  
on t h e  i n t e r s t e l l a r  abso rp t ion  of  he l ium and t h e  h e a v i e r  
T h i s  experiment  was submit ted and s e l e c t e d  f o r  f l i g h t  
under NASA's program of i n t e r n a t i o n a l  coopera t ion  i n  which 
s c i e n t i s t s  and agencies  of  o t h e r  c o u n t r i e s  provide experiments  
i n  competi t ion w i t h  United States submissions.  
experiments  s e l e c t e d  under t h i s  program are funded by t h e  country 
propos ing  them and the s c i e n t i f i c  r e s u l t s  are shared by t h e  
sponsor ing  agency and N 
Fore ign  
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NASA i s  c u r r e n t l y  inves t iga t ing  t h e  f e a s i b i l i t y  of 
o r b i t i n g  a - Large - Space Telescope I (LST). The LST, wi th  a 
primary mirror approaching 120-inches i n  diameter ,  would 
weigh more than  20,000 pounds and could be o r b i t e d  by 
e x i s t i n g  launch v e h i c l e s ,  o r  t h e  space s h u t t l e  i n  t h e  l a t t e r  
p a r t  of t h i s  decade. 
The Orb i t ing  Astronomical Observatory program i s  d i r e c t e d  
by NASA's Off ice  of Space Science and Applicat ions.  P r o j e c t  
management i s  under t h e  Goddard Space F l i g h t  Center ,  Greenbel t ,  
Md. Goddard a l s o  manages communications and t r a c k i n g  under 
d i r e c t i o n  of NASA's Of f i ce  of Tracking and Data Acquis i t ion .  
Launch veh ic l e  management i s  a t  t h e  L e w i s  Research 
Center,  Cleveland, and launch opera t ions  a r e  under t h e  d i r e c t i o n  
of t he  Kennedy Space Center ' s  Unmanned Launch Operat ions.  
Grumman Aerospace Corp., Bethpage, N . Y . ,  i s  p r i m e  con- 
t r a c t o r  f o r  t h e  OAO s p a c e c r a f t .  Kollsman Instrument  Corp., 
Syosset ,  N.Y., i s  prime c o n t r a c t o r  f o r  t h e  Goddard Experiment 
Package. 
P r i m e  c o n t r a c t o r  f o r  t h e  Atlas-Centaur launch veh ic l e  i s  
General Dynamics-Convair, San Diego. More than  1 ,000  major 
subcont rac tors  and vendors s c a t t e r e d  around t h e  United S t a t e s  
have p a r t i c i p a t e d  i n  the  OAO e f f o r t .  









4,680 pounds (1,000 pounds of 
scientific experiments) 
Octagonal cylinder, 7 feet 
wide, 10 feet long, wing span 
of 21 feet with solar panels. 
Five star trackers and nine 
gyros coupled with a fine 
error sensor in the Goddard 
Experiment Package provide 1 
arc second accuracy. 
Experim-ent 
Goddard Experiment Package Thirty-eight inch telescope 
(GEP ) designed to gather moderate 
resolution data as follows: 
. Normal stars--energy distri- 
buted in the continuum, 
blanketing effects, and id- 
entification and intensities 
of strong emission lines. 
. Peculiar stars--time-depen- 
dent photometry of peculiar 
stars such as the Wolf-Rayet, 
T-Tauri and pulsating vari- 
able stars. 
. Nebular and interstellar 
media--law of reddening, 
ultraviolet radiation field, 
and spectra of emission and 
reflection nebulae. 
, Galaxies and intergalactic 
media--spectral energy dis- 
tribution of nearby galactic 
systems, and magnitude and 









O r b i t a l  Rlene’m‘ts 
Apogee -i&klge e 
Period : 
Inclination: 
Stadan Tracking Stations 
Spacecraft and Tracking 3 . ,  
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Two stage Atlas-Centaur 
&B, Cage Ke.nnedv 
6:28 t o  8:30 a.m. EST (approx.) 
Nov. 4, 1970 
// . 
Circular, 466 statute miles 
100 minutes 
35 degrees 
Rosman, N.C.; Quito, Ecuador: 
Sahtiago, Chile; Orroral, 
Australia; Tananarive, Madagas- 
car. 
NASA/Goddard Space Flight Center, 
Greenbelt, Md. 
NASA/Lewis Research Center, 
Cleveland, Ohio 
NASA/Kennedy Space Center, Fla., 
Unmanned Launch Operations 
Grumman Aerospace Corp, 
Bethpage, New York 
Kollsman Instrument Corp. 
Syosset, New York 
General Dynamics-Convair, 
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Goddard Experiment Package (GEP) 
The 1,000-pound GEP w i l l  g a t h e r  h igh- reso lu t ion  s p e c t r a l  
data from poin ted  and extended sources  i n  t h e  u l t r a v i o l e t  
reg ion  of  the spectrum. 
GEP O p t i c a l  System 
Employs a r e l a t i v e l y  fast, 38-inch Cassegrain t e l e s c o p e  
w i t h  a Wright-Schmidt spec t rometer  u sab le  i n  t h e  spectral  
r eg ions  from approximately 1,000 t o  4,000 Angstrom ( A ) .  
With t he  except ion  of  t h e  q u a r t z  secondary mi r ro r ,  a l l  
o p t i c s  (p r imary  mi r ro r ,  spec t rometer  m i r r o r  and d i f f r a c t i o n  
g r a t i n g s )  are bery l l ium.  
GEP Sensory Systems 
Contains  seven de tec tors - -s ix  for UV l i g h t  and one f o r  
v i s i b l e  l i g h t .  The s i x  UV d e t e c t o r s  measure s p e c t r a l  energy 
0 0 
, d i s t r i b u t i o n  i n  s p e c i f i c  narrow bands i n  the 1,050A t o  4,267A 
range and gene ra t e  data i n  a t r a i n  of asynchronous p u l s e s  
counted by  an a s s o c i a t e d  data accumulator  i n  t h e  d i g i t a l  
e l e c t r o n i c s  sys tem.  
The seventh  d e t e c t o r  channel  a c q u i r e s  data i n  t h e  v i s i b l e  
s p e c t r a l  range for c o r r e l a t i n g  UV i n t e n s i t y  and s ta r  magnitude. 
GEP E l e c t r o n i c  Equipment 
The analog e l e c t r o n i c s  subsystem c o n s i s t s  of t he  ana log  
e l e c t r o n i c s  assembly, seven d e t e c t o r s  and a s s o c i a t e d  e l e c t r o n i c s  e 
The ana log  e l e c t r o n i c s  a s sembly  inc ludes  most of t h e  ana log  
e l e c t r o n i c s  c i r c u i t s  and some d i g i t a l  c i r c u i t s ,  t h e  power 
s u p p l i e s  and ana log  s t a t u s  data c i r c u i t s  and the f o u r  d r i v e  
mechanism c i r c u i t s .  
The d i g i t a l  e l e c t r o n i c s  system can decode and s t o r e  ground 
commands t r a n s m i t t e d  over  the  OAO command s y s t e m ,  t h e r e b y  con- 






GEP Fine-Control E r r o r  Sensor  
E f f e c t i v e n e s s  of  the  experiment r e q u i r e s  f i n e  guidance 
w i t h i n  one t o  two seconds of  a r c .  The f i n e - c o n t r o l  e r r o r  
s e n s o r  uses  approximately 10 p e r  cent  of  the  s t a r l i g h t  flux 
c o l l e c t e d  by the  primary GEP o p t i c s .  
Bas ic  func t ion  of the senso r  i s  t o  gene ra t e  s t a r - p o i n t i n g  
e r r o r  signals i n  the p i t c h  and yaw c o n t r o l  axes  and t r ansmi t  
t h e  e r r o r  s i g n a l s  t o  t h e  s p a c e c r a f t  s t a b i l i z a t i o n  and c o n t r o l  
subsystem f o r  c o n t r o l l i n g  the  f i n e - a t t i t u d e  p o i n t i n g  of  OAO-B. 
The senso r  a l s o  gene ra t e s  a s ta r -presence  s i g n a l  t h a t  
i n d i c a t e 6  t h a t  t he  s y s t e m  has acqui red  the  s ta r  and i s  ready 
t o  transmit e r r o r  s i g n a l s .  
If t h e  experiment  * s o p t i c a l  l i ne -o f - s igh t  i s  w i t h i n  t he  
accuracy l i m i t s  of  the  s e l e c t e d  range,  the  senso r  gene ra t e s  
an accuracy s i g n a l  i n d i c a t i n g  tha t  s t a r  data a c q u i s i t i o n  may 
proceed . 
The s e n s o r  t r a n s m i t s  a s ta r -presence  s i g n a l ,  a star- 
magnitude s i g n a l  and an error-monitor ing s i g n a l  t o  t h e  ground 




ATLAS-CENTAUR LAUNCH VEHICLE 
OAO-B is the second Orbiting Astronomical Observatory 
launch for the Atlas-Centaur. Centaur successfully launched 
OAO-2, December 7, 1968. OAO-B is 233 pounds heavier than 
OAO-2, weighing in at 4,680 pounds. Because of the increased 
weight, it will be placed in a slightly lower orbit of about 
466 miles. OAO-2 is in a nearly circular -... -_ orbit about 480 miles. 
OAO-B is the 13th operational launch for Centaur which 
was developed and is launched under the direction of NASA's 
Lewis Research Center, Cleveland. The first seven operational 
missions for Centaur were launches of Surveyor spacecraft to 
the Moon. This very successful series proved the great value 
of high energy upper stages in the U.S. space program. 
Since that time Atlas-Centaurs have successfully launched 
OAO-2, ATS-5 and two Mariner spacecraft to Mars. 
designated RL-10, A-3-3. The RL-10 was the first operational 
hydrogen-fueled engine developed for the space program. 
Centaur carries insulation panels and a nose fairing which 
are jettisoned after the vehicle leaves the Earth's atmosphere. 
The insulation panels, weighing about 1,200 pounds, surround 
the second stage propellant tanks to prevent the heat of air 
friction from causing Fxcessive boil-off of liquid hydrogen 
during flight through the atmosphere. 
the payload from the same heat environment. 
The Centaur is powered with two improved RL-10 engines, 
The nose fairing protects 
-more- 
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Launch Vehicle Characteristics 
- Liftoff --. . .  weight including spacecraft: 324,267 pounds 
Liftoff-height: 
Launch Complex : 
Launch Azimuth: 
135 feet 4 inches 
36 B 
60 degrees 
Atlas poas;te& Centaur St age 
Weight : 279,474 lbs. 40,103 lbs. 
Height : 70 feet 65 feet, 4 inches 






395,000 l b s .  (sea 30,000 lbs. (vacuum) 
level) 
Liquid oxygen and Liquid hydrogen and 
RP-1 liquid oxygen 
MA-5 system (2- Two 15,000 pound 
168,000 lb. thrust RL-10 engines 
thrust engines, 14 small hydrogen 
1-58,000 l b  . sus- peroxide thrusters. 
tainer engine and 
2-670 l b .  thrust 
vernier engines.) 
5,318 mph at BECO 15,754 mph at s / c  
6,412 mph at SECO s ep ara t ion 
Pre-programmed Inertail guidance 
autopilot through 
BECO. Switch to 
Centaur inertial 
guidance for sus- 
tainer phase. 
-more- 
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F l i g h t  Sequence 
Atlas Phase 
After l i f t o f f ,  A C - 2 1  w i l l  r i s e  v e r t i c a l l y  f o r  about  
1 5  seconds b e f o r e  beginning i t s  p i t c h  program. 
two seconds a f t e r  l i f t o f f  and con t inu ing  u n t i l  T-20 seconds 
the  v e h i c l e  w i l l  roll t o  the  desired f l i g h t  azimuth of 60 
deg rees .  
Beginning a t  
After 153 seconds of f l i g h t ,  t h e  boos te r - - eng ines  are 
shu t  down (BECO) and j e t t i s o n e d  three  seconds l a t e r .  The 
Centaur guidance system t h e n  takes over  f l i g h t  c o n t r o l .  The 
Atlas s u s t a i n e r  engine  con t inues  t o  p r o p e l l  t h e  A C - 2 1  v e h i c l e  
t o  a n  a l t i t u d e  of 145 m i l e s .  P r i o r  t o  s u s t a i n e r  engine  s h u t  
down, t h e  second s t a g e  i n s u l a t i o n  pane l s  are  j e t t i s o n e d .  
The .Atlas and Centaur stages me t h e n  s e p a r a t e d  b y  an  
exp los ive  shaped charge t h a t  s l i c e s  through t h e  i n t e r s t a g e  
a d a p t e r .  Ret ro- rockets  mounted on t h e  Atlas slow the s p e n t  
Atlas s t a g e .  
Centaur  Phase 
A t  f o u r  minutes f o u r  seconds i n t o  t h e  f l i g h t ,  t h e  
Cen tau r ' s  two RL-10 engines  are  i g n i t e d  f o r  a planned 7 min- 
u t e  3 1  second burn .  T h i s  w i l l  p l a c e  Centaur and t h e  space- 
c r a f t  i n t o  a n e a r  c i r c u l a r  o r b i t  a t  an  a l t i t u d e  of approximately 
466 miles. 
Twelve seconds a f t e r  main engine s t a r t ,  t h e  nose f a i r i n g  
around t h e  s p a c e c r a f t  i s  separated. A t  main engine s t a r t  p l u s  
25 seconds,  Centaur i n i t i a t e s  a r i g h t  yaw maneuver t o  a t t a i n  
t h e  f i n a l  o r b i t a l  i n c l i n a t i o n  of 35 degrees .  The o r i g i n a l  
launch azimuth w a s  60  degrees t o  avoid t h e  Bermuda area d u r i n g  
r e e n t r y  of t h e  Atlas s u s t a i n e r  engine and t a n k  and t h e  nose 
f a i r i n g .  
S e p a r a t i o n  
S e p a r a t i o n  of t h e  OAO s p a c e c r a f t  takes p l a c e  by f i r i n g  
e x p l o s i v e  b o l t s  on a V-shaped metal band ho ld ing  t h e  s p a c e c r a f t  
t o  the  *adapter .  Compressed s p r i n g s  t h e n  push t h e  s p a c e c r a f t  




Retro  Maneuver 
F ive  minutes  a f t e r  s p a c e c r a f t  s e p a r a t i o n ,  t h e  Centaur 
stage n t t i t u d e  c o n t r o l  t h r u s t e r s  are used t o  r e o r i e n t  t h e  
v e h i c l e .  The 5O-pound t h r u s t  v e r n i e r  engineS"Bre t h e n  f i r e d  
t o  s e t t l e  t h e  p r o p e l l a n t s .  The remaining l i q u i d  oxygen and 
l i q u i d  hydrogen are vented  overboard t o  provide  enough t h r u s t  
t o  p l a c e  t h e  Centaur s t a g e  i n  a s l i g h t l y  d i f f e r e n t  o r b i t  from 
t h e  s p a c e c r a f t .  
The f i n a l  Centaur o r b i t  w i l l  have an qpogee of 493 miles 
and p e r i g e e  of 436 miles .  
Launch Window 
The OAO-E3 launch window opens a t  approximately 6 : 2 8  a . m .  
EST Nov. 4 and c l o s e s  two hours  l a t e r .  I n  c a s e  of d e l a y s ,  t h e  
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The John F. Kennedy Space Center  C K S C ) ,  and i t s  
Unmanned Launch Opera t ions  ( U L O )  D i r e c t o r a t e  p l a y s  a k e y  
r o l e  i n  t h e  p r e p a r a t i o n  and launch of a n  Atlas-Centaur 
v e h i c l e  c a r r y i n g  t h e  OAO. 
The s p a c e c r a f t  i s  brought from GSFC, by t r u c k  t o  t h e  
Hangar AE, Cape Kennedy, about  th ree  weeks b e f o r e  launch,  
where i t  i s  p laced  i n  a c l e a n  room f o r  f i n a l  p r e p a r a t i o n s .  
I n  a d d i t i o n  t o  p rov id ing  the necessary  s p a c e c r a f t  
support  s e r v i c e s  d u r i n g  f i n a l  launch p r e p a r a t i o n s ,  ULO 
i s  r e s p o n s i b l e  f o r  mating t h e  s p a c e c r a f t  t o  t h e  a d a p t e r  
r i n g  of t h e  launch v e h i c l e  and e n c a p s u l a t i n g  t h e  s p a c e c r a f t  
w i t h  a f a i r i n g .  From t h a t  p o i n t  t o  launch,  t h e  ULO monitors  
t h e  environmental  c o n d i t i o n i n g  of t h e  s p a c e c r a f t  t o  a s s u r e  
t h a t  no contaminants  come i n t o  c o n t a c t  w i t h  i t .  
I n  p rov id ing  launch  o p e r a t i o n s ,  KSC handles  schedul ing  
of t e s t  mi l e s tones  and review of data  t o  a s s u r e  tha t  t h e  
launch v e h i c l e  has m e t  a l l  of i t s  t e s t  requi rements  and i s  
ready f o r  launch.  
Major mi l e s tones  l e a d i n g  t o  Atlas-Centaur launch of 
an  OAO s p a c e c r a f t  i n c l u d e :  
%Terminal Countdown Demonstration ( T C D ) ,  about  f i v e  
weeks p r i o r  t o  launch ,  which p r i m a r i l y  demonstrates  t h a t  a l l  
of t h e  f u n c t i o n s  l e a d i n g  t o  t he  countdown can be performed. 
It i s  an  end-to-end check of a l l  s y s t e m s  and i n c l u d e s  p r o p e l l a n t  
l oad ing  of bo th  launch v e h i c l e  stages t o  a s s u r e  t h e  t a n k s  and 
f a c i l i t i e s  are  ready  f o r  t h e  countdown. 
*The F l i g h t  Acceptance Composite T e s t  (FACT) occurs  about  
t h ree  weeks p r i o r  t o  launch t o  demonstrate  t h a t  t h e  v e h i c l e  
i s  e l e c t r i c a l l y  ready  f o r  f i n a l  launch p r e p a r a t i o n s .  It 
inc ludes  running  t h e  computer and programmer through p a s t  
f l i g h t  e v e n t s  and moni tor ing  t h e  data t o  a s s u r e  c o r r e c t  
response  t o  a l l  s i g n a l s  w i t h  u m b i l i c a l s  e jec ted .  Usual ly ,  
t h e  s p a c e c r a f t  i s  e r e c t e d  one o r  two days a f t e r  t h i s  t e s t .  
%The Countdown Readiness Test i s  conducted about  f o u r  
days  b e f o r e  launch.  It v e r i f i e s  t h e  a b i l i t y  of t h e  launch 
v e h i c l e  t o  go through p o s t - f l i g h t  e v e n t s  and v a l i d a t e s  t h e  
u m b i l i c a l  s y s t e m  a g a i n .  T h i s  i s  o f t e n  the  only t i m e  t h a t  
s p a c e c r a f t  s y s t e m s  are up w i t h  launch v e h i c l e  systems p r i o r  
t o  launch.  The range suppor t  e lements  par t ic ipa te  a long  w i t h  
t h e  s p a c e c r a f t  and launch v e h i c l e  j u s t  as d u r i n g  launch .  
- more - 
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%F-1 Day Functional Test involves final preparations 
in getting the entire space vehicle ready for launch, 
preparing ground support equipment, completing readiness 
procedures and installing ordnance on the launch vehicle. 
The final countdown is picked up at T-450 minutes. 
All systems are checked against readiness procedures, 
establishing the integrity of the vehicle and ground support 
equipment interface prior to tower removal at T-120 minutes. 
Loading of cryogenic propellants (liquid oxygen and liquid 
hydrogen) begins at "-80 minutes, culminating in complete 
vehicle readiness at T-5 minutes. 
at this point and the space vehicle goes on internal power. 
The launch team begins monitoring all systems and topping 
off and venting propellant and purge systems. At T-10 
seconds, the automatic release sequence is initiated and 
the space vehicle is clear for liftoff. 
The terminal count begins 
- more - 
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OAO-B MISSION 
There are two primary r easons  f o r  the OAO-B launch 
window. The f i r s t  c o n s t r a i n t  deals w i t h  the  o p e r a t i o n a l  
c o n f l i c t  i f  OAO-2 and B are over  a ground s t a t i o n  a t  about  
t h e  same t i m e .  O f f i c i a l s  want t o  have s u f f i c i e n t  t i m e  between 
passes  of  the two s p a c e c r a f t  t o  c o l l e c t  s c i e n t i f i c  data and 
t o  send commands t o  t h e  s p a c e c r a f t .  
The second launch c o n s t r a i n t  i s  a requirement  t o  
have a t  l eas t  35 minutes  o f  s u n l i g h t  remaining a f te r  space- 
c r a f t  s e p a r a t i o n  from Centaur  t o  a l low enough t i m e  t o  a c q u i r e  
the  s u n l i n e  and n n t r o l  o f  OAO-B t o  t h e  Rate 
And P o s i t i o n  Sen ( n t e r i n g  s p a c e c r a f t  darkness .  
OAO-B SepaPat i o n  
OAO-B s o l a r  pane l s  w i l l  deploy 11 min. 43 s e c .  a f t e r  
l i f t - o f f ;  s p a c e c r a f t  booms w i l l  deploy 11 min 58 s e c .  a f t e r  
l i f t ;  and t h e  OAO-B s p a c e c r a f t  w i l l  separate from t h e  burned 
ou t  Centaur s t a g e  a t  1 2  min. 23 seconds a f te r  l i f t - o f f .  
OAO-B Mission Events  
Surv iva l  
L i t t l e  w i l l  be done w i t h  t h e  observa tory  t h e  f i r s t  day  
of  o r b i t .  It w i l l  be  i n  a "sunbathing" o r  s u r v i v a l  c o n d i t i o n  
w i t h  a minimum expendi ture  o f  gas  and o p e r a t i o n s  under auto-  
mat ic  c o n t r o l .  
Operat ions personnel  w i l l  ana lyze  data t o  determine 
that  t he  s p a c e c r a f t  s t a b i l i z e d  p rope r ly ,  b a t t e r y  charging 
i s  safe, thermal c o n d i t i o n s  are w i t h i n  p r e d i c t i o n s  and t h e  
s o l a r  array output  (power s y s t e m )  i s  normal.  
Observatory Checkout 
A f t e r  the  s u r v i v a l  phase i s  complete (about  one day  a f t e r  
launch) ,  the  I n e r t i a l  Reference Unit  ( I R U )  w i l l  be  checked o u t .  
Also, a thorough checkout of a l l  s p a c e c r a f t  systems w i l l  be 
made beginning on day two. 
t h e  Goddard Experiment Package, w i l l  occur  w h i l e  t h e  observa- 
t o r y  i s  s t i l l  be ing  c o n t r o l l e d  i n  t h e  sunbathing mode. 




be "aken p r  
t h i s  s p a c e c r a f t  checkout ,  extreme c a u t i o n  w i l l  
o r  t o  t u r n i n g  on high v o l t a g e  subsystems. T h i s  
p e r m i t s  proper  outgas ing  and reduces t h e  l i k e l i h o o d  of  e l e c t r i c a l  
a r c i n g  o r  corona.  
High v o l t a g e  s y s t e m s  w i l l  be  tu rned  on i n i t i a l l y  only 
when t h e  s p a c e c r a f t  i s  under R a t e  and P o s i t i o n  Sensor  ( R A P S )  
c o n t r o l ,  or IRU c o n t r o l  (hold on wheels or hold on wheels and 
j e t s ) .  With t h i s  automatic  c o n t r o l ,  t h e  s p a c e c r a f t ' s  a t t i t u d e  
remains f i x e d  f o r  extended p e r i o d s  without  'having t o  use  t h e  
s tar  t r a c k e r s .  -. 
The f irst  h igh  v o l t a g e  subsystem t o  be turned  on, a 
s ta r  t r a c k e r ,  w i l l  occur  IIQ sooner  than  o r b i t  24 on t h e  second 
d a y .  
o r b i t  26 .  
The remaining f o u r  s t a r  t r a c k e r s  w i l l  be  tu rned  on du r ing  
Experiment .- Turn-On 
The GEP t e l e s c o p e  w i l l  b e  tu rned  on for t h e  f i rs t  
t i m e  about  t h e  57 th  o r b i t  on t h e  4 th  day .  
about e i g h t  days a f t e r  launching .  
Normal ope ra t ion  of  t h e  s p a c e c r a f t  and GEP w i l l  s t a r t  
Tracking 
OAO-B, one of t h e  most complex s c i e n t i f i c  sa te l l i t es ,  
w i l l  be l i t e r a l l y  flown from the  ground through t h e  f a c i l i t i e s  
of N A S A ' s  STADAN (Sa te l l i t e  Tracking and  Data Acqu i s i t i on  
Network). Because t h e  network a l r e a d y  i s  c a r r y i n g  on w i t h  
t h e  s i m i l a r l y  complex OAO-2, t h e  presence of  t h e  new s a t e l l i t e  
i n  o r b i t  w i l l  double  t h e  work load .  
Major s t a t i o n s  of  t h e  STADAN s y s t e m  f o r  OAO a r e  Rosman, 
N . C . ;  Q u i t o ,  Ecuador; Sant iago ,  C h i l e ;  Or ro ra l  V a l l e y ,  A u s t r a l i a ;  
and Tananarive,  Mad.agascar. Other NASA s t a t i o n s  w i l l  suppor t  
t h e  f l i g h t  as needed. 
The e n t i r e  OAO-B miss ion  i s  c o n t r o l l e d  by a computer 
program of more t h a n  ?5O,OOO i n s t r u c t i o n s .  The computer con- 
t i n u o u s l y  monitors  hundreds of i tems of c o n d i t i o n  on t h e  space- 
c r a f t  and compares t h e m  with p r e d i c t e d  v a l u e s  -- .__ of t h e  f l i g h t  
p l an .  
The computer c a l c u l a t e s  and i s s u e s  g imba l  a n g l e s  f o r  t h e  
on-board s ta r  t r a c k e r s  s o  t h a t  OAO w i l l  lock  onto  t h e  c o r r e c t  
s tars among t h e  50,000 it w i l l  u l t i m a t e l y  s tudy ,  and every 
at tempted change of p o s i t i o n  and c o n d i t i o n  w i l l  be analyzed as 





The computer controlled operation of OAO-2 resulted 
in maJor modifications and changes in the operation when 
the spacecraft developed control troubles in 1969. With 
prompt warning from the computer-tracking combination, the 
operators of the satellite were able to avert trouble and 





OAO-1  was o r b i t e d  A p r i l  8 ,  1 9 6 6 ,  It fa i led  s h o r t l y  a f t e r  
o b t a i n i n g  o r b i t  due t o  a mal func t ion  i n  t h e  power supply s y s t e m  
and probable  high v o l t a g e  a r c i n g  i n  t h e  s ta r  tracker s y s t e m .  
. S e v e r a l  m o d i f i c a t i o n s  t o  t h e  OAO s y s t e m  were inco rpora t ed  
i n t o  t h e  OAO-2 s p a c e c r a f t  as a r e s u l t  of t h e  f i r s t  f l i g h t  
f a i l u r e .  
Launched i n t o  o r b i t  December 7 ,  1968, OAO-2 has f a r  
exceeded a l l  pre-launch eng inee r ing  and s c i e n t i f i c  o b j e c t i v e s .  
The wor ld ' s  f i r s t  s u c c e s s f u l  space  obse rva to ry  i s  approaching 
two years o f  o p e r a t i o n .  During t h a t  t i m e  i t  has been a v a i l a b l e  
f o r  c o l l e c t i n g  s c i e n t i f i c  data 88 p e r  cen t  of t h e  t i m e  s i n c e  
i t  was launched. 
Engineer ing  
OAO-2 has exceeded i t s  p o i n t i n g  accuracy requirement  of 
one minute of a r c  by  a f a c t o r  of two. 
I n - o r b i t  a t t i t u d e  de t e rmina t ions  have been made u s i n g  
on-board sun s e n s o r s  and magnetometers. Using these a t t i t u d e  
de t e rmina t ions  i t  bas demonstrated that  star sea rches  can be 
performed u s i n g  t h e  gimbal led s ta r  t rackers  and t h e r e b y  
r e - e s t a b l i s h i n g  s t e l l a r  r e f e r e n c e  c o n t r o l  of spacecraf t  
a t t i t u d e .  
The r a t e  and p o s i t i o n  senso r  (RAPS,) i n e r t i a l  s y s t e m  prqved 
t h e  f e a s i b i l i t y  of i n e r t i a l  s t a b i l i z a t i o n  w i t h  s ta r  t r a c k e r  1 4 
update  t o  ma in ta in  a c c u r a t e  p o i n t i n g  a t t i t u d e .  
of experiment and s p a c e c r a f t  in format ion  b i t s .  
Data p rocess ing  subsystem has s t o r e d  and r e t u r n e d  m i l l i o n s  
Although OAO-2 i s  an unmanned obse rva to ry ,  i t  i s  l i t e r a l l y  
flown from t h e  ground by a team of  25 Earth-based a s t r o n a u t s  
who work around-the-clock a t  Goddard. To da te ,  hundreds of 
thousands of commands have been s e n t  t o  OAO-2 and more t h a n  
30 b i l l i o n  data b i t s  have been t r a n s m i t t e d  t o  t h e  ground, 
- more - 
-29- 
S c i e n t i f i c  
The OAO-2 s c i e n c e  package c o n s i s t s  of two experiments  and 
i n t e r s t e l l a r  d u s t  and c e r t a i n  
11 t e l e s c o p e s .  Seven of t h e  t e l e s c o p e s ,  provided by  t h e  
Un ive r s i ty  of Wisconsin, are  s tudy ing  i n d i v i d u a l  s ta rs  f o r  
long p e r i o d s  of t lmes as w e l l  as 
p l a n e t s  i n  our  s o l a r  s y s t e m .  The remaining four; t e l e s c o p e s  
are i n  Srnithsonian As t rophys ica l  Observatory ( S A O )  experiment .  
These t e l e s c o p e s  are t a k i n g  s t e l l a r  p i c t u r e s  of  t h e  s k y  t o  provide  
astronomers w i t h  t he  f i r s t  s t e l l a r  maps of our  u n i v e r s e  i n  t h e  
u l t r a v i o l e t .  The f a i n t n e s s  of t h e  Moon i n  u l t r a v i o l e t  i n d i c a t e s  
e i t h e r  t h a t  i t  r e f l e c t s  less u l t r a v i o l e t  l i g h t  t h a n  expec ted ,  
or" t h a t  t h e  Sun i s  somewhat f a i n t e r  i n  u l t r a v i o l e t  t h a n  t h e  
most r e c e n t  obse rva t ions  and t h e o r i e s  would s u g g e s t .  
During more t h a n  16 months of  o p e r a t i o n ,  t h e  Smithsonian 
Celescope experiment observed 3003 s ta r  f i e l d s ,  t a k i n g  8701 
photographs which covered about 1 0  pe rcen t  of t h e  s k y  and about  
20 pe rcen t  of t h e  sky  r e g i o n  nea r  t h e  Mi lky  Way c o n t a i n i n g  the  
m a j o r i t y  of u l t r a v i o l e t  o b j e c t s .  
The photographs provide  data f o r  more t h a n  25,000 s tars  i n  
each of t h r e e  u l t r a v i o l e t  r e g i o n s  of t h e  spectrum. The expe r i -  
ment a l s o  observed t h e  Moon, t h e  Comet Tago-Sato-Kosaka, and 
t h e  p l a n e t s  Mars and J u p i t e r  i n  u l t r a v i o l e t  l i g h t .  
I n  a d d i t i o n ,  n e a r l y  a l l  of t h e  shor tes t -wavelength  photo- 
graphs con ta ined  b r i g h t  sky-background l i g h t  i n  t h e  1216-  
Angstrom wavelength caused by t h e  s c a t t e r i n g  of hydrogen 
emission from the  Sun by  hydrogen i n  t h e  E a r t h ' s  o u t e r  atmosphere 
beyond t h e  fS00-mile  he ight  of t h e  OAO s p a c e c r a f t .  For the  f i r s t  
t i m e ,  t h i s  hydrogen s c a t t e r i n g  was observed i n  a c o n s i s t e n t  
manner over  an  extended p e r i o d .  
Many astronomers  b e l i e v e  t ha t  t h e  f u l l  impact from OAO-2 
w i l l  no t  be f e l t  f o r  s e v e r a l  years ,  and t h a t  p r a c t i c a l l y  a l l  
phases of o p t i c a l  astronomy w i l l  be  a f f e c t e d  as a r e s u l t  of 
t h e  obse rva to ry  f i n d i n g s .  
Also, some noted s c i e n t i s t s  bel ieve t h a t  some t h e o r i e s  
of cosmology w i l l  have t o  b e  modif ied and o t h e r s  d i s c a r d e d  as 
a r e s u l t  of OAO-2 data .  
Some of t he  major OAO-2 s c i e n t i f i c  accomplishments i n c l u d e :  
"Discovery of  a huge hydrogen cloud a m i l l i o n  miles  
i n  diameter around Comet Tago-Sato-Kosaka. 
- more - 
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"Discovery that hottest stars are even hotter than 
suspected, are aging faster than suspected and are 
burning hydrogen at a very rapid rate. 
@Evidence that normal galaxies are unexpectedly 
bright (the Andromeda galaxy) in the ultraviolet. 
If this is common among distant galaxies, this 
discovery may have significant cosmological 
consequence. 
"Discovered ozone in the planet Mars which is very 
lmportant in the determination of the entire oxygen 
ar,d carbon dioxide chemistry of the planet. 
%Is painstakingly conducting a survey of stars in 
the ultraviolet impossible from the ground because 
of Earth's atmosphere. 
"Observed nova outburst (stellar explosion) of Nova 
Serpentis from immediately after maximum through 
the next two months. This represented an excellent 
example of the reasons many astronomers want observa- 
tories in space continuously for constant surveillance 
(not hampered by clouds or Earth's atmosphere) of 
stellar phenomena. 
As of' September 8, 1970,  the OAO-2 experiment s ta tus  was as 
follows : 
University of Wisconsin 
Uniqire Objects viewed ................ 1069 
Number of Observations ................5 127 
Average Observations/Day ................ 13 
.Smiths onian - 
1JmmSer of Observations . . . . . . . . . . . . . . . . 3  4 9 4  
Number of pictures ................ 8577 
Average Observations/Day ................ 16 
- more - 
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Scientific papers produced as a result of the OAO-2 
mission include: 
Bless, R ,  C. 1970 - Review of Ultraviolet and Visual 
Continuum Observations and Comparison with Models, 
Vltraviolet Stellar Spectra and Ground-Based 
Observations" Houziaux and Butler (Ed.) page 73 
IAU . 
Bless, R. C., Code, A. D., HouCk, T. E., Lillie, C. F., 
and McNall, J. F. 1970 - OAO Observations of Sco 
x-1, flNon-Solar X and Y Ray Astronomy, I' Gratton ( E d . )  
page 176, IAU. 
Bless, R. C. and Savage, B. D. 1970 - Observations of 
Interstellar Extinction in the Ultraviolet with the 
OAO Satellite, "Ultraviolet Stellar Spectra and 
Ground-Based Observations" Houziaux and Butler (Ed,) 
page 28, IAU. 
Code, Arthur D. 1969 - The Future of Photometry and 
Moderate-Resolution Spectrophotometry in Space 
Astronomy - "Optical Telescope Technologyf1 NASA 
SP-233, page 13. 
Code, Arthur D, 1969 - Photoelectric Photometry from a 
Space Vehicle, PASP 81, 475. 
Code, A. D. - 1970 - Survey on new results (Stellar 
Observations), Proceedings IAU Symposium No. 41. 
Code, A. D. and Bless, R. C, 1970 - Observations of 
Strong Stellar Lines with the OAO, YJltraviolet 
Stellar Spectra and Ground-Based Observationsf1 
Houziaux and Butler (Ed. ) page 173, IAU. 
Code, A, D., Houck, T. E.,McNall, J. F., Bless, R. C. 
and Lillie, C. F., 1970 - Ultraviolet Photometry 
from the Orbiting Astronomical Observatory I. 
Instrumentation and Operation. Ap. J. 161, 377. 
in Late-Type Stars," Proc. Roy. SOC. (in press) 
Doherty, L. R. 1970 - "OAO observations of MgII Emission 
Fairchild, Edward T. 1970 - use of Synchrotron Radiation 
from an Electron Storage Ring as an Absolute Standard 
of Radiant Flux for Wavelengths from 1000 to 3000 8 .  
Proceedings IAU Symposium No. 41. 
- more - 
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Gaide, Albert 1970 - Absolute UV Calibration of Rocket 
Photometers Used to Update the OAO Calibration, 
Proceedings IAU Symposium No. 41. 
Gilra, Daya P. 1970 - "The Composition of Interstellar 
Grains, '' Nature (in press). 
Savage, B. D. and Code, A. D, 1970 - "Observations of 
Interstellar Lyman-Alpha with the OAO, Ultraviolet 
Stellar Spectra and Ground-Based Observations." 
Houziaux and Butler (Ed.) page 302, IAU. 
Wallace, L. Broadfoot, I;. Caldwell, J., Savage, B. D., 
Code, A. D., Sagen, C. and Owen, T. 1970 - The 
Detection of Ozone in Mars, Ap. J. letters (submitted 
for publication). 
"Ultraviolet Photometry of Stars Obtained with the 
Celescope Experiment in the Orbiting Astronomical 
Observatory, by Robert J. Davis, presented at IAU 
Symposium No. 36, Lunteren, Netherlands, 24-27 June 1969; 
published in Ultraviolet Stellar Spectra and Ground- 
Based Observations, ed. by Houziaux and Butler, 
pp. 109-119, copyright 1970 by the I A U .  
Guest Observer 
A guest observer program was initiated for the OAO-2 
mission. This program broadens astronomical participation 
to obtain increased scientific return from the s2acecraft. 
The guest observer tells NASA what observation he would. 
like the OAO to make, for example l o o k  at a certain galaxy 
Or star. Then when the instrument is pointed in that 
direction and the primary experiment requirements satisfied, 
the guest observer experiments can be conducted. 
Fourteen guest observer proposal were approved for OAO-2 
and 342 observations were made during the first year of 
operation. Of the 14 observers, four were from other nations. 
On the 080-B mission, 25 potential guest observers, 
eight from overseas, have inquired about participating during 
the approximately 10 percent of the observing time available 
for the program. About half are interested in planetary 
observations. 
each year. 
Ten to twenty guest observers can be accommodated 
Guest observations will not begin until about three month:; 
after launch so that the Principal Investigator can make his 
initial observations. 
- more - 
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OAO-B TEAM 
NASA Headquar te rs  
D r .  John  E.  Naugle 
M r .  Jesse L .  M i t c h e l l  
D r ,  Nancy G .  Roman 
M r .  D .  Dixon Ashworth 
M r ,  I?. R .  Schmidt 
Goddard Space F l i g h t  Center 
D r .  John F .  C la rk  
M r .  Joseph P u r c e l l  
D r .  James E.  Kupperian,  Jr. 
D r .  A l b e r t  Boggess 
Kennedy Space Center  
D r .  Kurt H.  Debus 
Mr. John J .  Nei lon 
M r .  John G o s s e t t  
Mr. Donald Sheppard 
Assoc ia t e  Admin i s t r a to r  for 
Space Sc ience  & A p p l i c a t i o n s  
D i r e c t o r ,  Phys ic s  & Astronomy 
Programs, OSSA 
Chief of Astronomy, O S S A  
OAO Program Manager 
Centaur Program Manager 
D i r e c t o r  
OAO P r o j e c t  Manager 
OAO P r o j e c t  S c i e n t i s t  
P r i n c i p a l  I n v e s t i g a t o r  
D i r e c t o r  
D i r e c t o r ,  TJiimanned Launch 
Opera t ions  ( U L O )  
Manager, Centaur  Opera t ions ,  
ULO 
C h i e f ,  S p a c e c r a f t  Opera t ions ,  
ULO 
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L e w i s  Research Center 
M r .  Bruce T .  Lundin 
M r .  Seymour C .  H i m m e l  
M r .  Edmund R .  Jonash  
M r .  W .  R .  Dunbar 
I n d u s t r y  
Mr. R .  E.  Marsha l l  
M r .  Theodore H. Moorman 
Mr. Leon J .  Mintz 
M r .  Dean Davis 
M r .  0 .  H.  Reed 
Director  
A s s i s t a n t  D i r e c t o r  fo r  
Rockets & Vehic l e s  
, Launch V e h i c l e s  
Centaur P r o j e c t  Manager 
Program Manager 
I n e r t i a l  Reference Unit 
Char l e s  S t a r k  Draper Labora tor )  
OAO Program Manager 
Grumman Aerospace Corp. 
GEP Program Manager 
Kollsman Ins t rument  Corp. 
Centaur Program Manager 
General Dynamics -Convair 
Base Manager 
General Dynamic Convair 
I n d u s t r y  Team 
P r i m e  C o n t r a c t o r s  
Grumman Aerospace Corp. 
Bethpage, N . Y .  
Char les  S t a r k  Draper Labora tory  
Cambridge, Mass, 
Kollsman Ins t rument  Corp, 
Syosse t ,  N.Y. 
General Dynamics-Convair 
San Diego, Cal i f .  
R e  s p  ons i b  i li t y 
OAO-B S p a c e c r a f t  
I n e r t i a l  Reference Uni t  
Goddard E x p e r i m e n t  Package 
(GEP) 
Atlas-Centaur Launch Vehicle 
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Electric Power Division 
Eatontown, N. J. 
Dalmo Victor Go. 
Belmont, Calif. 
Granger Associates 
Bohemia, N. Y. 
Fairchild Hiller Corp. 
Space and Electronic Systems 
Germant own, Ma. 
Division 
Solar aspect sensors 
Electrical components 
OAO command receiver 
OAO power control unit, power 
regulator unit, and diode box 
Magnetic unloading system 
Diplexer and hybrid junction 
Thermal control louvers 
General Electric Co. Stabilization and Control 
Spacecraft Department System 
Valley Forge, Pa. 
Gulton Industries Storage battery 
Alkaline Battery Division 
Metuchen, N. J. 
Gulton Industries Voltage inverter/regulator 
Engineered Magnetics Division converter 
Hawthorne, Calif. 
Hughes Aircraft Go. 
Culver City, Calif. 
IBM 
Federal Systems Division 
Owego, N. Y e  
Solid state transmitters 
Primary processor and data 
storage/programmer and star- 
tracker sequence controller 
and spacecraft system 
controller unit equjpment 
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I T T  F e d e r a l  L a b o r a t o r i e s  
San Fernando, Calif .  
Kollsman Instrument  Corp. 
Syosse t ,  N .  Y. 
Magnetic? Con t ro l  Company 
ADC-Product D i v i s i o n  
Minneapolis 
Rad ia t ion  Corp. 
Melbourne, F l a .  
Spect  ro-Laboratory 
S y l m z r ,  Calif 
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Bores ight  s tar  t r a c k e r  
G i m b a l  s t a r  t r a c k e r s  
Current  s e n s o r s  ( O A O )  
Spacec ra f t  data hand l ing  
equipment/Experimenters 
data hand l ing  equipment 
S o l a r  arrays 
